CMP-N-acetylneuraminic acid synthetase from Escherichia coli K1 is a bifunctional enzyme: identification of minimal catalytic domain for synthetase activity and novel functional domain for platelet-activating factor acetylhydrolase activity.
Escherichia coli CMP-NeuAc synthetase (EC 2.7.7.43) catalyzes the synthesis of CMP-NeuAc from CTP and NeuAc, which is essential for the formation of capsule polysialylate for strain K1. Alignment of the amino acid sequence of E. coli CMP-NeuAc synthetase with those from other bacterial species revealed that the conserved motifs were located in its N termini, whereas the C terminus appeared to be redundant. Based on this information, a series of deletions from the 3'-end of the CMPNeuAc synthetase coding region was constructed and expressed in E. coli. As a result, the catalytic domain required for CMP-NeuAc synthetase was found to be in the N-terminal half consisting of amino acids 1-229. Using the strategy of tertiary structure prediction based on the homologous search of the secondary structure, the C-terminal half was recognized as an alpha1-subunit of bovine brain platelet-activating factor acetylhydrolase isoform I. The biochemical analyses showed that the C-terminal half consisting of amino acids 228-418 exhibited platelet-activating factor acetylhydrolase activity. The enzyme properties and substrate specificity were similar to that of bovine brain alpha1-subunit. Although its physiological function is still unclear, it has been proposed that the alpha1-subunit-like domain of E. coli may be involved in the traversal of the blood-brain barrier.